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ABSTRACT

In a breeding program for the control of

fragariae on the

strawberry, Louisiana seedling 6632 was found to be resistant to six
of eight isolates of the fungus.
resistant to four isolates.

Seedlings 5-2556 and 6-995 were

These data strongly suggest that more

than one race of the fungus was present in the strawberry growing
areas of Louisiana.

These results were based on field inoculation

tests where the seedlings were subjected to severe conditions of high
concentrations of inoculum and optimum temperatures for the development
of the disease.

Progenies of the same clones in the

S]^ produced many plants resistant to

of crosses and

fragariae in other greenhouse

tests and when grown as clones in the field.

No cultural or morpho

logical differences were observed among the eight isolates when grown
on various kinds of media.
Three systemic fungicides were tested in the laboratory to
evaluate their control on mycelial growth of
was fungicidal at 1000 and 500 ppm.

fragariae.

Benlate

At 100 ppm Benlate was not

fungicidal, but the growth of the fungus was extremely suppressed at
this concentration.
It was shown that Benlate was an effective fungicide for control
of C. fragariae under field conditions.

It is recommended that this

chemical be utilized in the commercial strawberry area as a control for
C . fragariae in summer plant beds.

vii

INTRODUCTION

The strawberry (Fragarla spp.) is produced commercially in every
state in the United States, including the interior of Alaska.

It is

one of the most important of the small fruits in both quantity pro
duced and in economic value.

In Louisiana the center of the strawberry

commercial area is Tangipahoa Parish, with neighboring parishes of
Washington, St. Tammany, St. Helena, Livingston, Ascension, and East
Baton Rouge also producing large quantities of berries (17, 19).
The approximate acreage of strawberries in Louisiana in 1970 was
1,500 acres with an estimated fruit production of 450,000 crates of
24 pints.

This represented an estimated income of over $2,641,527.00

to Louisiana farmers (B. Was com, Personal Communication).
In addition to the income from the sale of fruit, Louisiana
growers also sell plants at the end of the summer to other states as
well as to the local market.

This amounts to over $200,000 additional

income to Louisiana farmers (B. Wascom, Personal Communication).
Strawberry plants are subject to man y disease-inducing agents,
including fungi, bacteria, nematodes, and viruses, which cause losses
amounting to several million dollars annually.

Anthracnose or crown

rot has been one of the most destructive fungus diseases of strawberries
in Louisiana during recent years (4, 5).
become rampant in summer plant beds.
Colletotrichum fragariae Brooks.

This serious disease has

The causative agent is

Damage to strawberries is primarily

by destruction of the crown, w hich causes a sudden wilting and death
of the plant (4,

6

, 13, 14, 15, 16).

1

Although the crown rot phase Is most Important In Louisiana,
the fungus has been observed to produce infection on stolons, petioles,
and leaves (4, 5).
The fungus was first considered to be primarily a disease of
the runners or stolons, with the petioles being rarely affected (2, 3).
On the runners the lesions initially are oval, dark brown, and 1 to 2 m m
in length.

Under favorable environmental conditions - high temperature

and abundant moisture - the lesions ma y extend the length of the stolon.
In severe cases the lesions are so numerous that they result in the
runners becoming girdled and killed

(2, 19).

Many conidia-bearing

acervuli develop on the infected and dying tissue.
The symptoms produced on leaves are characterized as dark
brown to black spots which when first noticed are usually
size.

2

m m in

These lesions gradually increase in number and size and coalesce

forming blackish discoloration of the leaves.
show symptoms around its periphery.

Usually the leaf will

Crown rot or girdling of the

petiole will occur producing sudden wilting before leaf symptoms
becomes so severe as to completely destroy the leaf tissue.
Infection of the crown, the most serious phase of the disease,
is characterized by sudden wilting of the plant.
progressively severe until the plant dies.

The wilt becomes

Cross sections through

the crown show that both the cortex and vascular elements are discolored.
The infected plant crowns are brittle and break under very little
pressure.
Environmental factors that favor rapid development of the
disease are temperatures above 75 to 80 F and high atmospheric humidity
and soil moisture (2).

Conidia which are produced in acervuli are

spread readily by splashing rain, and are produced abundantly on
infected plant parts.

They are not disseminated by wind.

The wilting

phase of crown infections is not noticed when cold weather begins.
Low temperatures will present advanced infection, and partially
infected plant will appear healthy during the winter.

The fungus

then overwinters within the plant crown.
Disease severity in plant beds may range from death of a few
to 100% of the plants during the summer.

No satisfactory control

has been found for crown rot, so it is essential that progress be
made in controlling the disease.

These studies were made to investigate

possible means of controlling the disease by chemical means and by a
program of breeding for resistance.

Research was also conducted to

determine the possibility of existence of different races of the
fungus.

REVIEW OF LITERATURE

A number of diseases that affect the roots and crowns of
strawberry plants has been reported in the literature

(4, 5, 7, 18, 19).

Three of the most important economically are red stele (Fhytophthora
fragariae Hickman), wilt
and black-root rot.

(Verticillium albo-atrum Reinke and Buthold),

The latter disease is caused by attack of a complex

of several genera of fungi and other organisms
nematodes

such as bacteria and

(19).

Red stele is widely distributed, occurring in many parts of the
world, but seems to be limited to regions of cold or relatively cool
climate.

In the United States it has not been reported thus far in

the strawberry growing regions of the Deep South (19).

Verticillium

wilt so far is of great economic Importance only in the Pacific Coast
area from California to British Columbia.
Crown and bud rots, caused by Sclerotinia sclerotiorum (Lib)
deBary, and Rhizoctonia solani Kuehn, respectively, are of considerable
importance in certain localities

(1 ).

Other minor root and crown

diseases of strawberries are Armillaria crown rot

(Armlllaria mellea

Vahl. ex Fr.), Sclerotium crown and root rot (Sclerotium rolfsii Sacc.),
Botrytis crown rot (Botrytis cinera Pers ex Fr.), Dematophora crown
rot (Dematophora (Rosellinia) necatrix (Hart) Berk), and charcoal rot
(Botryodiplodia phaseoli M a u b l .) .
Anthracnose, or crown rot, caused by Colletotrlchum fragariae
Brooks

(2), has become a serious problem in recent years during the

summer months.

It produces three disease phases in Louisiana:

a runner

and petiole phase which was described first by Brooks

(2) in 1931; a

crown rot phase which was described by Carver (7) in 1959; and a leaf
phase described by Carver

(4) in 1967.

All three phases may occur

together depending upon the environmental conditions.
Edwards

(9) reported a fourth phase of the disease, a fruit rot

caused by C. fragariae.

The.fruit rot is characterized by dark brown,

circular, firm rot lesions up to

2

cm in diameter occurring anywhere

on the fruit.

Isolation yielded only a fungus which closely resembled

C . fragariae.

Conidial suspensions from a fruit rot lesion and from a

C . fragariae isolate were utilized to inoculate selected strawberry
hosts, and both isolates produced anthracnose symptoms typical of those
caused by C ^ fragariae.
Headliner, 3377, and Dabreak clones, which are grown extensively
in Louisiana, are susceptible to crown rot under artificial conditions;
however, the latter two are more susceptible (5).

Headliner shows some

field resistance, whereas Dabreak and seedling 3377 are extremely
susceptible (6 ).

Carver (5) reported that of 23 clones tested for

greenhouse and field resistance, 10 clones

(6-632, 1-3314, 5-1315,

5-2556, 6-607, 6-1672, 4860, 6-995, Headliner, and 3753) showed some
potential resistance.

Of this group of clones, 6-632 was reported as

being virtually immune.
None of the progenies from crosses between selected Louisiana
clones made during 1969 to 1970 were resistant to the disease (5).
Particular parents did, however, show a trend for possible resistance.
A number of investigators have reported on pathogenic races of
Colletotrichum spp (8 , 11, 12, 20).
more physiological races of

Goode (11) suggested that two or

lagenarium (Pass) Ell. and H a 1st. were

present on the basis of differential host reaction.
recorded culturally or morphologically.

No difference was

Goode and Winstead (12)

distinguished three physiological races on the ability of the fungus to
attack certain cucurbit seedlings and fruits.

The three races were

indistinguishable culturally and morphologically.

Dutta, Hill, and

Heyne (8 ) studied differential host reaction of five isolates of C.
lagenarium and identified four pathogenic races.
Several fungicides have been reported as preventing mycelial
growth of C. fragariae on agar containing the fungicides

(4, 5, 7).

The results in field application have been erratic, and no satisfactory
control has been obtained.

Brooks

(2) obtained partial control of the

runner-killing phase by spraying with Bordeaux mixture.
control for the crown rot phase.

Edwards

He found no

(10) in 1971, found that only

Benlate (methyl 1-(butylcarbamoyl)-2-benzimidazolecarbamate) plus
pinoline (Nu-Film 17) gave adequate control of anthracnose on strawberry.
Benlate gave comparable control regardless of whether spray was applied
on a weekly schedule or twice weekly.

MATERIALS AND METHODS

Inoculum
Original isolates of C. fragariae were prepared in all cases
by removing small sections of plant tissue from the interior of
infected crowns of strawberry plants that were just beginning to show
the conspicuous wilting phase of the disease.

The tissue was removed

with a sterile scapel, placed on potato dextrose agar (PDA), and
incubated at 28 C from five to seven days.
prepared by mixing 16 g agar,
potatoes and a sufficient

20

Potato dextrose agar was

g dextrose, the extraction from

volume of distilled water to produce

of medium, which was autoclaved for 15 minutes at 15 lb

g

200

1000

ml

pressure

and 121 C.
After incubation for five to seven days on PDA, cultures were
transferred to oatmeal agar for maintaining stock cultures and for
increasing conidial production.

Stock cultures were stored at 15-

20 C in 300 ml prescription bottles.
following method:

Oatmeal agar was prepared by the

65 g oatmeal (Quaker 1 Minute) were soaked in 250

ml of hot distilled water for 10 minutes, homogenized in a Waring
blender with 15 g agar and a sufficient volume of distilled water to
produce 1000 ml of medium, which autoclaved for 15 minutes at 15 lb
pressure and 121 C.

PDA and oatmeal agar prepared in this manner was

utilized in order to increase inoculum for greenhouse tests and field
resistance studies.
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Conidial suspensions of inoculum were prepared from petri dish
cultures of oatmeal agar that were flooded with 15 ml of distilled
water, and the surface of the agar scraped with a sterilized spatula.
The final conidial concentration of the inoculum was adjusted by adding
the desired volume of sterile distilled water to produce 3 million
conidia per ml.

Plants were inoculated by one of two methods:

water

suspensions of conidia were sprayed on plants with a three gal Hudson
garden sprayer until the leaves were thoroughly wet, or

1

ml water

suspension of conidia was injected directly into crowns with a syringe
equipped with an 18 guage needle.
Field experimental test plots were located at the Louisiana State
University Hill Farm, Baton Rouge, Louisiana, The Burden Research
Plantation, Baton Rouge, Louisiana, and Idlewild Experiment Station,
Clinton, Louisiana.

Soil types at each location were similar.

The

irrigation method utilized was the overhead sprinkler system, which
also increased spread of the disease in the field test plots.

Response of Louisiana Clones to Different Isolates of C. fragariae
The nine seedling clones 6-632, 5-2556, 6-995, 5-1315, 4860,
3377, 6-1672, 1-3314, and 6-607 and the variety Headliner were tested
for differential host reaction to various isolates of C^ fragariae in
field tests.

Different isolates of C^ fragariae utilized in this study

were obtained from the strawberry commercial area of Louisiana.

The

Daybreak variety was utilized as the susceptible control in all tests.
These were tested at the Burden Research Plantation, Baton Rouge,
Louisiana, during the summer of 1970 and at the Hill Farm on the

Louisiana State University campus at Baton Rouge, Louisiana, during the
summer of 1971.
Disease-free plants of each clone were obtained for summer
plant beds by utilizing a modification of the procedure described by
Carver (5).

Metal flats (12 inch by 14 inch) lined with 4 mil

black plastic and containing 14 four-inch peat pots were filled with
soil which had been steam sterilized.

The soil utilized consisted

of a mixture by volume of three parts soil, two parts peat moss,
and one part sand.

Flats were placed on top of the row beside straw

berry plants of desired clones which were beginning to produce runner
plants.

Single runners were set in each individual pot and watered

once a day to prevent drying.

When each pot within a flat contained

a well rooted runner plant, the stolons were cut from the mother plant.
The time for runners to become sufficiently rooted so that they could
be removed from the mother plant was approximately 15 days.

The flats

containing runner plants were removed from the field to prevent spread
of

fragariae infections.
During June the plants of each clone were planted in replicated

summer plant beds.
were 100 feet long.

The test area was prepared on 48 inch rows which
Soil had been treated with methyl bromide (Dow

MC-2) under a polyethylene cover at a rate of

1

lb

per 100 sq ft.

The soil was in good tilth and was approximately 24 C at six inches
in depth at the time of application.

The polyethylene cover was

removed after 48 hr.
A completely randomized design was utilized with five replica
tions for each clone tested.

The plots were arranged so that the

controls were immediately following the inoculated test plots along

10
the rows.

A spacing was made 2 ft between controls and treatments

and 3 ft between different clones.
clone were planted In each plot.

Five healthy plants of a single
Utilization of peat pots to collect

runner plants Insured that plants suffered less shock upon
transplanting, and they began to produce runner plants immediately.
Inoculum of ^

fragariae was applied by spraying the plants

in treated plots with a conidial suspension.

All five plants within

a treated plot were inoculated at about the time that three to four
runners were produced.

The number of plants produced in each plot was

recorded in October 1970 and 1971 as the number of living and dead
runner plants per mother plant.
Cultural and morphological studies were made to help establish
the possibility of races of

fragariae.

Isolates were grown on

various media including PDA, oatmeal agar, water agar, and carrot agar
for observations on the type growth produced.

The dimensions of 100

conidia of each isolate were recorded from carrot agar and oatmeal
agar.

Carrot agar was prepared by grinding 500 g of carrots in a

Waring blender and adding the filtered extract to 15 g of agar and
enough water to produce

1000

ml of media.

Progeny Crosses and Resistance Tests
Selected crosses were made in the field during the spring of
1970 and of 1971 between the more resistant seedlings and presently
grown varieties in Louisiana.

Self progenies were obtained from fruit

of plants in 10-ft plots that were covered with cheesecloth (Curity No.
50 grade) to prevent cross pollination by wind and insects.

11
Artificial pollination was accomplished by picking unopened
flowers with unopened pollen-bearing stamens and allowing the flowers
to wilt until anthesis occurred, which was between 24-36 hr at
approximately 24 C after they were harvested.

During actual pollina

tion procedures a sharp razor blade was used to emasculate the stamens,
corolla, and calyx.

This was done with care in order to prevent

injury to pistils being pollinated.

The stamens of flowers utilized

for pollen were applied directly to the pistils of the flower being
used as the female parent.

The pollen flower was twirled by its stem

so as to cover all the ends of the pistils with pollen.

After being

pollinated, plants were marked to indicate the cross by a one inch
string tag, and the flowers covered with a thin film of nonabsorbent
cotton to prevent insect pollination.

Care was taken to insure that

cotton was not as thick as to cause water damage to the berries in
rainy conditions.
Mature fruit was taken to the laboratory where it was processed
in order to remove the seed.

A drop of sand was added to a paper

towel, and the fruit was then spread out and allowed to dry.

Dried

fruits were stored in envelopes at 40 F.
Seeds of each

and

progeny were treated with Arasan

(tetramethylthiuram disulfide) at a rate of

.0 2

g per

1

oz of seed and

were planted in small drills in sterilized soil on greenhouse benches.
The seeds were covered lightly with sterilized vermiculite.
was covered with thin cloth sheeting soaked in an

The bed

Arasan solution, and

the bed was watered through the cloth to insure good germination.
Watering in this manner also prevented washing or movement of the seeds.
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The cloth-covered bed was c o v e r e d

finally with 4 mil polyethylene

in order to maintain a high degree of humidity for faster germination.
Seedlings were allowed to grow in drills until they were
sufficiently well rooted.

Occasionally, it was necessary to clip

the older leaves from the first seedlings which germinated.

This

permitted penetration of light and other factors for proper growth
and development of the younger seedlings before they were transplanted.
The plants were set in sterile soil in

3

inch pots.

The

progeny of each cross was placed as random groups in the greenhouse.
Plants of the 1970 progeny were spray inoculated with conidial sus
pensions of

fragariae four months after transplanting.

1971 were inoculated two months after transplanting.
conidia were Sprayed from a

3 gal

H u d s o n sprayer.

isolates of the fungus were used as inoculum.

Those in

In each case
Eight

Plants were inoculated

three times with three million conidia per ml at each inoculation.
The number of plants surviving was recorded 30 days after the third
inoculation.

Field Resistance of Progeny Survivors from Greenhouse Inoculations
Progeny of each cross of 1970 which survived the inoculation
of greenhouse tests were transferred to plots at Idlewild Experiment
Station, Clinton, Louisiana, during April 1971.

Plants of each cross

were grouped and planted at random within the test area.
were watered sufficiently to prevent drying.

These plants

An overhead sprinkler

system was utilized to insure spread of inoculum throughout the plots.
During the latter part of April and early Hay, leaf symptoms and wilting
symptoms began to appear in the susceptible plants.

Cultures were
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transferred to the laboratory and confirmed to be that of JC^ fragariae.
During the first week in September, the total numbers of plants and
runners of each cross were counted according to the following disease
index:

1 •*= 0 to 10% of total plants dead; 2 = 11 to 25% total plants

dead; 3 - 26 to 50% of total plants dead; 4 = 51 to 75% of total plants
dead; 5 = 75 to 100% of total plants dead.

Chemical Treatment - - Laboratory Screening Method
Tests were conducted to determine the fungitoxicity of three
systemic fungicides, Benlate (Methyl 1-(butylcarbamoyl) - 2 benzinidozale-carbamate), Vitavax (5,6 Dihydro-2-methyl-l,4-oxathiin-3carboxanilide), and Plantvax (5,6 Dihydro-2-methyl-l,4-oxathiin-3carboxanilide-4, 4 dioxide).

Laboratory screening tests of each

fungicide were made on artificial media.

In these tests 1000, 500

100, and 50 ppm of each fungicide were mixed with 100 ml PDA then
poured into petri plates and allowed to solidify.

Discs of the fungus

were then placed on the treated agar and incubated for several days.
The discs were 5 m m in diameter and were taken from the periphery of
actively growing cultures of the fungus.

Measurements of the diameter

of the fungus colonies were made three and six days after transfer to
agar incorporated with the various fungicides.

The growth of the fungus

on non-treated agar was measured as a control.

At the end of six days

the

5

mm

discs of the fungus which did not grow were removed and

t r a n s f e r r e d to fungicide-free PDA.

Measurements of the diameter of

the fungus colonies were recorded after five days.
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Chemical Treatment--Greenhouse and Field Tests
In order to determine activity of the three fungicides under
greenhouse conditions, inoculated plants of the susceptible Dabreak
variety were pressure-treated with the three systemic fungicides,
Benlate, Plantvax, and Vitavax.
of

The inoculation was by syringainjection

fragariae conidia into the crowns.

treated with a rate of

1

lb per

15 lb pressure for 15 minutes.

100

Four days later they were

gal water of each fungicide under

The application in this manner was a

modification of that utilized by Anzalone (1) in treatment of Colletotrichum
falcatum Went in sugarcane.

The tank used to pressure treat plants

was a Hudson three gal sprayer to which was added a pressure guage,
and in place of the manual type air pump an inlet valve was installed
so that air pressure could be supplied from an air pressure hose.
fungicide was added to two gal of water and thoroughly mixed.

Each

Forty

plants were immersed in each fungicide and subjected to pressure
treatment for 15 minutes.

Controls were 40 plants which were inoculated

without treatment, 40 plants not inoculated without treatment, and
40 plants not inoculated but which were pressure treated with water
only.

Plants were then set in six inch pots in the greenhouse under

conditions optimum for

fragariae infection.

Percent infection

was recorded from the number of dead plants 30 days after treatment.
The crowns of the remaining living plants were broken open to check
for advanced infection.
600, and 900 ppm Benlate.
of phytotoxicity.

This test was repeated utilizing 150, 300,
Plantvax and Vitavax were omitted because

Twenty plants syringe-inoculated were pressure

treated at each concentration five days later in the manner previously
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described.

These plants were grouped into four replications of five

plants each and set in six-inch pots containing sterilized soil.

The

percent infection in each test was recorded 30 days later from the
number of dead plants.
A field test was conducted to determine whether or not Benlate
would control (3^ fragariae under Louisiana conditions.

Disease-free

Dabreak plants were set in soil in which Dabreak plants had been killed
by

fragariae in a previous test.

The first plants were set June 15,

1971, inoculated on June 30, 1971, and all had died of crown rot by
July 15, 1971.

On July 17, 1971, a total 10 plots 10 ft long was

replanted with five healthy plants in each one.

The plants were well

established in four inch peat pots before setting in field plots.
were spray-inoculated with a conidial suspension of the fungus.
was applied at the rate of

1

lb per

100

They
Benlate

gal five days after inocula

tion when leaf and petiole symptoms typical of

fragariae infection

were evident and every 14 days until the end of the experiment.

In

each case the fungicide was sprayed on the leaves until they were
drenched with the material.

Four 10 ft plots with five Dabreak plants

in each plot were the controls.

On September 9, 1971, plants which

survived were counted and recorded.
An outfield test was conducted on the Albert Tuger farm at
Albany, Louisiana.

Four 500 ft rows of Dabreak plants were treated

on a regular schedule of 7 to 14 days with Benlate at the rate of 1
lb per 100 gal of water.

Controls were four rows of plants not treated

planted next to the treated ones.

Plants were counted on September

1, 1971, as total runner plants in four 10 ft plots in each of the
treated and untreated rows.

RESULTS

Response of Louisiana Clones to Different Isolates of C. fragariae
Three seedlings, 6-607, 6-1672, and 1-3314, were tested for
their resistance to C. fragariae in summer plant beds during 1970.
These seedlings were omitted from the tests in 1971 because all three
proved to be extremely susceptible to the fungus.
Six seedling clones, 6-632, 5-2556, 6-995, 5-1315, 4860, 3377,
and the variety Headliner were tested in the field during the summer of
1971 for differential host reaction to the various isolates of C.
fragariae.

All the seedlings

listed above, except 3377, were reported

by Carver (5) as possessing potential resistance.
was utilized as a susceptible control.

The Dabreak variety

Different isolates of C.

fragariae used in this study were obtained from the commercial
strawberry area of Louisiana.

A list o f the isolates by location and

variety from which cultures were isolated is given below.

Grower and location

Clone source of isolate

1.

George Perrin, Ponchatoula .

Headliner

2.

Joe Accardo, Tickfaw

Headliner

3.

Hill Farm, Louisiana State University

Seedling 3377

4.

Albert Poche, Ponchatoula

Seedling 3377

5.

B. L. Howie, Ponchatoula

Dabreak

Behrman Mitchell, Ponchatoula

Seedling 3377

Frank Lupinto, Independence

Seedling 3377

Albert Tuger, Albany

Seedling 3377

6

.

7.
8

.

16

17
In a factorial analysis of variance, the F value obtained
indicated significance of interaction between different clones and
isolates, among isolates, and among clones (Table 1).

The Least

Significant Difference (LSD) was utilized to indicate significant
differences.

Mean percent infection for each clone by each isolate

of C^ fragariae is presented in Table 2.
All seedlings that were over 40% infected were considered
susceptible.
resistance.

Those that were less than 40% were considered to have
This was based on the fact that in most cases where resist

ance was indicated, the mean percent infection was much less than 40%
(Table 2).

This standard was applied to the data in Table 3 in order to

determine the resistance of the clones to the eight isolates of C.
fragariae.
1 and 2.

It was found that all clones were susceptible to isolates

Clone 6-632 was the only one resistant to isolates 3 and 4,

and 6-632, 5-2556, and 6-995 were resistant to isolates 5,

8

6

, 7, and

.

The F^ and

Progenies of Louisiana Clones Screened for Resistance to

C. fragariae in Greenhouse and F i e l d .
The progenies of crosses between Louisiana clones were set in
sterile soil in three inch pots and were grouped and placed at random
on greenhouse benches.

All plants were spray Inoculated with conldial

suspensions of C ^ fragariae applied with a Hudson sprayer.

Plants

which survived greenhouse inoculations were transferred to randomized
plot 8 at Idlewlld Experiment Station, Clinton, Louisiana.

The numbers

of plants in each of five disease classes from field tests and the
numbers killed in the greenhouse are presented in Table 4.

Disease
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Table 1.

Analysis of variance for percent Infection by
the seedlings and varieties.

Source of
Variation

Degrees of
Freedom

Total

fragariae on

Mean Square

F Value

319

Clones

7

31004.6

64.74**

Isolates

7

3924.1

8.19**

49

1480.3

3.09**

256

478.9

Interaction
Error

Table 2.

Clones

Mean percent infection by eight isolates of C . fragariae on
the seedlings and varieties.

1

2

3

Isolates
4
5

6

8

7

6-632

69.2 1

76.6

18.6

21.1

13.5

14.8

16.2

15.9

5-2556

75.8

86.8

48.6

48.7

12.9

15.5

19.7

32.6

6-995

49.2

93.2

45.8

45.4

25.0

16.9

22.9

32.1

Headliner

93.6

45.4

74.6

58.4

70.9

96.1

94.0

90.0

4860

81.8

100.0

91.4

100.0

66.6

78.3

100.0

100.0

5-1315

97.0

100.0

81.9

100.0

100.0

86.4

93.3

52.9

Dabreak

100.0

100.0

100.0

100.0

100.0

100.0

100.0

100.0

3377

100.0

100.0

100.0

100.0

100.0

100.0

100.0

100.0

* 5 replications per isolate for each clone.
LSD (.05) 22.76f (.01) 32.19 - Generalized LSD for different clone
response to a single isolate and response of one clone to different
isolates.
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Table 3.

"■

1 t

Disease reaction of different seedlings and varieties to
eight isolates of
fragariae.

■ ■ ■ . I ,

m

n iiu is c a s g B n s s a a n B a a a s E 3 B g g a — c a a B s ir» rx n jg a g g g g a —aa— ca—

sgaeasM

Clones

1

2

3

Isolates
5
4

6-632

S1

S

R2

R

R

R

R

R

5-2556

S

S

S

S

R

R

R

R

6-995

S

S

S

S

R

R

R

R

Headliner

S

S

S

S

S

S

S

S

4860

S

S

S

S

S

S

S

S

5-1315

S

S

S

S

S

S

S

S

Dabreak

S

S

S

S

S

S

S

S

3377

S

S

S

S

S

S

S

S

* Susceptible
2 Resistant

6

7

8
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Table 4.

Disease classes In which the
and Si progenies of Louisiana
clones were placed when Inoculated with C_. fragariae under
greenhouse and field conditions in 1970.

Number of plants in each of the disease classes
Cross

ll

2

3

1.

6-632

2.

5-2556

3.

Headliner x 6-632

4.

5-2556 xHeadliner

4

5.

6-632 x Headliner

2

5

6.

Headliner x 4860

4

3

7.

6-995 x 4860

9

8.

5-2556 x 1-3314

9.

selfed
selfed

8

1

19

1

13

9

4

0

5

0

Greenhouse 5^

0

9
17

4

3

3

1

13
81

2

44

4

1

192

3

3

4

41

9

6

3

1

95

5-2556 x 6-632

1

1

1

10 .

5-2556 x 5-1315

3

11.

6-632 x 5-1315

1

1

12 .

6-632 x 4860

4

1

3

13.

6-632 x 5-2556

3

1

2

14.

6-695 x 5-2556

2

1

4

15.

4860 x 5-2556

9

16.

1-3314 x 5-2556

4

17.

6-995 x 1-3314

10

18.

1-3314 x 6-632

12

7

19.

6-995 x Headliner

3

20.

5-2556 x 4860

19

21.

6-995

22.

Headliner x 5-2556

selfed
4

2

27
3

37

1

39
53
1

7
31

3

1

10

9

7

67

1

2

91

6

2

8

102

2

6

2

2

87

5

3

2

3

122

1

3

1

41

10

6

4

17

14
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Table 4 . . .continued
Cross

U

2

4

3

Greenhouse 5?

5

8

11

6

3

31

194

4860 x Headliner

26

23

20

8

35

91

25.

4860 x selfed

14

11

12

5

16

107

26.

5-1315 x 5-2556

4

1

2

2

7

57

27.

4860 x 1-3314

25

11

22

23

37

91

28.

Headliner x 777

6

10

6

1

1

13

29.

1-3314 x 4860

3

1

2

6

10

39

30.

4860 x 5-1315

7

1

11

7

37

104

31.

1158 x 3377

5

6

10

4

28

194

32.

1-3314 x 6-995

4

2

1

5

6

118

33.

5-1315 x 6-995

3

5

29

34.

1-3314 x 777

3

3

5

9

35.

1-3314

6

3

3

46

36.

5-1315 xHeadliner

5

4

25

37.

5-1315 x 1-3314

5

6

75

38.

1-3314 x 5-1315

1

3

1

4

54

39.

6-632 x 6-1672

1

3

2

24

40.

1-3314 x 6-1672

17

143

41.

Headliner x 6-1672

3

34

42.

1164 x 4860

5

3

27

43.

6-607 x 4860

6

4

31

44.

5-2556 x 6-1672

1

32

45.

6-607 x 5-1315

8

19

46.

Headliner x Sequoia

47.

1-3314 x 1158

23.

Headliner x 5-1315

24.

2

selfed

3

1

11

4

28

11

7

56

104

9

2

19

33

22
Table 4 . . .continued
Number of plants in each of the disease classes
Cross

1*

2

3

1

4

5

Greenhouse 5^

38

26

118

3

5

35

48.

1-3314 x 6591

49.

6-607

50.

6-607 x 6-1672

51.

1-3314 x 6-607

6

16

52.

Headliner x 1-3314

8

32

53.

1164 x 1158

75

54.

1164 x 3377

81

55.

5-1315 x Dabreak

56.

5-1315

57.

5-1315 x 4860

58.

4571

59.

Dabreak x 1-3314

60.

6-1672 x 4860

61.

6-1672 xHeadliner

3

36

62.

1158 x 4860

8

143

63.

6-607 x Headliner

143

64.

6-607 x 1-3314

108

65.

6-607 x 6-632

"17

66.

5-1315 x 1164

16

67. 6-995 x 6-1672

121

selfed

selfed

22

15

23

6

32

5

24
30

selfed

1 Disease classes of progeny grown In field tests.
^ Mortalities from greenhouse Inoculations.

3

49
35

23
classes in field resistance were arranged by the following method:
1 a 0 to 10% runner plants dead; 2 ■ 11 to 25% runner plants dead;
3 * 26 to 50% runner plants dead; 4 ■ 51 to 75% runner plants dead;
and 5 « 76 to 100% runner plants dead.
The mean percent infection by
made in 1971 is presented in Table 5.
to 85.7%.

fragariae of seedling crosses
The mean ranges were from 14.2

Mean infection of each cross was analyzed according to

whether or not it was significant from average mean infection of all
crosses by utilizing the t test.

Chemical Treatment - Laboratory Screening Tests
Three systemic fungicides were screened in the laboratory b y
seeding the fungus on PDA incorporated with these chemicals.
were cultures of the fungus grown on PDA alone.

Controls

The fungicides

screened are listed below:
1. Benlate 507. W.P.

(Methyl 1 - (butylcarbamoyl)-2-

benzimidazole-carbamate).
E. I. DuPont de Nemours Company
2.

Plantvax 757. W.P. 5,6 Digydro-2-methyl-l,4-oxathiin-3carboxanilide-4,4 dioxide
Uniroyal Chemical - Division of Uniroyal, Inc.

3.

Vitavax 757. W.P. 5,6 Digydro-2-methyl-1, 4-oxathiin-3carboxanilide.
Unlroyal Chemical - Division of Uniroyal, Inc.

The results obtained in the screening tests are recorded in
Tables 6, 7, 8, and 9.

The average diameter in m m of

fragariae

24
Table 5.

The mean percent Infection on progeny* in the greenhouse 30
days after spray-inoculation with
fragariae.

d.f.

Mean percent
Infection

34

14.2

4.47**2

6-995 x 5-2556

6

14.2

2 .00*

6-632 x 5-1315

35

19.4

3.76**

03 x 02

14

20.0

1.99*

4

20.0

1.21

6-995 x 6-632

13

21.4

1.76*

5-2556 x 6-632

90

21.9

4.29**

516

22.6

10.42**

5-2556 x 6-995

12

23.0

1.54

5-2556 x 03

12

23.0

1.54

5-1315 x 6-632

32

24.2

2 .21*

6-995 x Headliner

48

24.4

2.63*

5-1315 x 6-995

14

26.6

1.22

7562 x 03

32

27.2

1.74*

8871 x 02

26

27.2

1.42

Headliner x 6-632

55

28.2

2.24**

6-995 x 03

96

28.8

2.58**

6-995 selfed

113

30.7

2.09*

4860 x Headliner

101

30.3

2.25*

7562 x 02

26

33.3

.80

6-995 x 1-3314

46

34.0

1.04

4860 x 6-632

39

35.0

.80

7576 x 03

37

36.8

.48

Progeny tested

6-632 x 6-995

6-996 x 02

6-632 selfed

t value obtained
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Table 5 . . .continued

Progeny tested

d.f.

Mean percent
Infection

t value obtained

Headliner x 03

19

40.0

.054

1-3314 x 6-995

27

42.8

.23

412 x 6-995

18

42.8

.23

6-632 x 3377

19

45.0

.486

5-1315 x 1-1314

16

47.0

.520

5

50.0

.460

191

50.5

2.75**

6-996 x 6591

77

51.2

1 .86*

Headliner x 3377

16

5 2 f9

1.03

725 op

17

55.5

1.27

7224 x 3377

16

58.3

1.44

8877 x 03

34

60.0

2.33*

6-995 x Sequoia

15

62.5

1.77*

5

83.3

2.84*

Sequoia op

19

85.0

6.28**

7-64 x Sequoia

20

85.7

5.93**

19412 3497R op

43

97.7

4871 x 03
Headliner selfed

5-1315 x Dabreak

28.5**

1 Four month old progeny

2

P i - P2
t =

s/EZF

Pi ■ average of all mean percent infection.
?2 ■ mean percent Infection of each progeny
P ■ percent infection (x) Q * percent survival
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Table 6.

Fungicide

The average diameter In ton of C. fragariae on FDA incorporated
with various fungicides at 1,000 p p m active material and the
diameter when transferred to agar without fungicides.

Averaglf diameter 3 and
6 day8 on agar with
fungicides
6 days
3 days

Benlate

52

5

Vitavax

5

9.5

Plantvax

10

27.7

Control

21.8

67

Average diameter 5
days after retransfer
to agar without
fungicide

53

* Average of 4 replications.

2

Diameter of inoculum disc in mm

3
Checked only for fungicides showing fungicidal action at 6th day.

Table 7.

Fungicides

The average diameter in m m of C^ fragariae on FDA incorporated
with various fungicides at 500 ppm active material and the
diameter when transferred to agar without fungicides.

Average^* diameter 3 and
6 days on agar with
fungicides
3 days
6 days

Benlate

52

Vitavax

5

15

Plantvax

16

39

Control

21

67

5

Average diameter 5
days after retransfer
to agar without
fungicides

53

* Average of 4 replications.
^ Diameter of inoculum disc.
3
Checked only for fungicides showing fungicidal action at 6th day.
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Table 8.

The average diameter in m m of
fragariae on PDA Incorporated
with various fungicides at 100 ppm active material.

Average diameter 3 and
6 days on agar with
fungicides__________
3 days
6 days

Fungicides

Benlate

52

6

Vitavax

9

25

Plantvax

20

45

Control

21

67

Average of 4 replications.
Diameter of inoculum disc.

Table 9.

The average diameter in m m of
fragariae on PDA incorporated
with various fungicides at 50 ppm active material.

Fungicides

Benlate

Average diameter 3 and
6 days on agar with
fungicides
3 days
6 days

52

7

Vitavax

11

35

Plantvax

19

48

Control

21

67

* Average of 4 replications.
2 Diameter of inoculum disc.
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cultures grown on FDA Incorporated with each fungicide at 1000, 500,
100, and 50 ppm active material, respectively, is presented.

Diameters

of the fungus are shown at three and six days on fungicide agar and at
five days after retransfer to fungicide-free FDA agar.
As shown in Table 6, two of the three fungicides tested at
1000 ppm prevented growth of

fragariae up to three d ays; however,

Benlate prevented growth at six days.
reduced by all fungicides tested.
fungicidal at 1000 ppm.

Growth of the fungus was greatly

Only Benlate was considered

A fungicide was considered fungicidal when

the fungus did not grow within five days after being transferred to
fungicide-free agar.
All fungicides tested at 500 ppm greatly reduced the growth of
C. fragariae in relation to the control (Table 7).

Only Benlate was

fungicidal at this concentration.
At 100 ppm (Table 8) two of the fungicides were effective
against

fragariae.

The other fungicide tested, Plantvax, was not

effective at this concentration.

Benlate was very effective although

not fungicidal at this concentration.
None of the three fungicides prevented growth of the fungus
(Table 9) at 50 ppm, but Benlate was highly effective in reducing
growth over a six day period.

Chemical Treatment - Greenhouse and Field Tests
Dabreak plants inoculated in the crown with conidia by means
of a syringe were pressure-treated with Benlate, Plantvax, and Vitavax
at a rate of 1 lb/100 gal water.

Forty plants were immersed in each

fungicide, respectively, and treated under 15 lb pressure for 15

29
minutes.

Controls were 40 plants which were inoculated with

fragariae

not treated, 40 plants not inoculated and not treated, and 40 plants
which were pressure-treated with water only.

As shown in Table 10

most of the Benlate treated plants survived the inoculation
inoculated controls were 100% infected.
phytotoxic at this concentration.
not damage the plants.

(Fig. 1);

Plantvax and Vitavax were

As can be seen pressure alone did

The same treatment was conducted utilizing 150,

300, 600, and 900 ppm Benlate.

Dabreak plants were obtained from a bed

where n u m e r o u s plants had died from crown rot.

Twenty plants

inoculated in the crowns with a conidial suspension of the fungus were
treated at each concentration.

The mean percent infection for each

concentration of Benlate was as follows:

150, 100; 300, 60; 600, 55;

and 900, 55.
In an abandoned strawberry field where many plants had been
killed by

fragariae over a 4 week period just previously, healthy

Dabreak plants were set in plots of five plants eadi. Inoculum was
applied by spraying the test plants with conidia.

Every 14 days the

plants in the 10 plots were treated with Benlate applied at the rate
of 1 lb/100 gal water.

None of the plants were killed by

fragariae.

Only one plant died, but it was not killed by the crown rot fungus.
All of the plants in*.the four control plots were

killed by

fragariae.

These data are given in Table 11.
Dabreak plants were treated in a 7 to 14 day spray schedule with
Benlate at the rate of 1 lb/100 gal water at the Albert Tuger farm in
Albany, Louisiana.

The data were recorded as the number of total

runner plants produced in four 10 ft plots which received Benlate
treatment and in four 10 ft plots which were not treated.

As shown in
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Table 10.

Percent C.^ fragariae Infection in Dabreak plants syringe
inoculated with conidial suspension and treated with
Benlate, Vitavax, and Plantvax at a rate of 1 lb per 100
gal water under pressure four days later.

Fungicide

1.
2.
3.
4.
5.
6.

Benlate
Vitavax
Plantvax
Control (inoculated)
Control (not inoculated)
Control (treated in
water without fundicide
under pressure)

No. plant8
treated Mortality

40
40
40
40
40
40

3
40
40
40 2
l2
0

* Inoculated 4 days before treatment was begun.

2

Not killed by crown rot.

Percent
Infection

7.5
100.0
100.0
100.0
2.5
0.0

31
Table 11.

The number of Dabreak plants to survive in the field when
inoculated with £ ± fragariae and treated with Benlate at a
rate of 1 lb per 100 gal water (600 ppm)^ every 14 days.
i

Replica
tions (3)

Plants treated with Benlate
No.
No.
treated
dead

Control plants
No. plants
No.
tested
dead

1

5

0

5

5

2

5

0

5

5

3

5

l4

5

5

4

5

0

5

5

5

5

0

6

5

0

7

5

0

8

5

0

9

5

0

10

5

0

Total - 50

1 - 2%

-

20

20“ 100%

* Plants were planted directly in plots where 100% infection had been
recorded.

2
A total of 2 gal was prepared each time.
3
Each replication was a 10 ft plot.

4

Insect damage.
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Table 12 paired comparison analysis indicates that the plants in
treated plots were significantly different from the untreated ones
(Fig. 2).
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Table 12.

The number of field grown Dabreak plants produced when
treated with Benlate at a rate of 1 lb per 100 gal water
as compared to the controls.

Treatment

Benlate treated plants
Untreated plants

t required (.05) « 2.353
t required (.01) » 4.541
t obtained = 4.892

Number of olants produced Der reoHcaHcn
1
2
3
4

450

320

275

190

19

17

21

39

DISCUSSION

Screening strawberry clones for resistance to

fragariae was

not one of the major objectives in the strawberry breeding program in
Louisiana prior to 1968.

The first indications of resistance were

noted when a variety Headliner, grown commercially, appeared to have
some field resistance.

Carver (5) reported that several clones out

of the 23 Louisiana clones which were tested from 1968 to 1969 indicated
resistance to the fungus.

The 23 clones were tested for two consecutive

years at the same field location.

Of these clones one seedling clone,

6-632 produced a significantly higher percent of the control plants
in plots inoculated with C^ fragariae than did all other clones tested
for the two years.

A few lesions were observed on 6-632, but it was

essentially immune.
In this study no clone was Immune to artificial inoculation by
C. fragariae in field plots.

Of the eight most resistant seedling

clones reported by Carver (5) three clones 1-3314, 6607, and 6-1672
were found to be susceptible to C
beds.

fragariae infection in summer plant

These were omitted from resistance tests during 1970.

The

Dabreak variety and seedling 3377 were extremely susceptible.
Only three seedlings 6-632, 6-995, and 5-2556 (Table 2) indicated
potential resistance to the fungus and may provide acceptable resistant
germ plasm in future breeding programs.

The seedling 6-632 was highly

resistant to all but two isolates of the fungus, and 6-995 and 5-2556
were resistant to four isolates only.

Seedling 6-632 does not produce
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suitable fruit quality and would not be suitable as a commercial
variety.
Colletotrichmn spp have a history of producing physiological
races (8, 11, 12, 20).

In this study (Table 3) when seedlings and

varieties were tested for resistance to the eight isolates, the isolates
could be grouped according to the resistance or susceptibility of the
various clones.
similar.

Isolates 1 and 2, 3 and 4, and 5, 6, 7, and 8 were

This was considered strong evidence for the presence of

physiological races in

fragariae.

There is a definite indication

of three different physiologic races.
Cultural and morphological studies were made to help establish
the possibility of races of

fragariae.

Growth on different types

of media did not reveal any distinct morphological differences among
the different isolates.

The conidla of the two isolates which were

more pathogenic in field tests appeared to be shorter with rounded ends;
whereas, the less pathogenic isolates appeared to be longer with
spindled ends.

Both types, however, could be found in each culture so

that actually they were not morphologically different.
The difference in resistance in this study and as previously
reported by Carver (5) could be attributed to the method by which
inoculum was applied.

Carver utilized the technique of injecting a

single plant in the crown with conidla within each test plot.

His

method was less severe because the fungus apparently did not spread
as rapidly or have the same initial impact as in the method described
here.

When conidla were applied as a spray Inoculum as in this study

man y lesions were produced on the petioles and leaves which were reser
voirs of secondary inoculum.

On the other hand when conidla were
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injected into the plant crowns only a small amount of inoculum was
produced at the bases of the petioles.

Inoculating one plant of five

was a factor in limiting the amount of inoculum for secondary infection.
Under conditions which were optimum for fungus infection some
progenies which had been artificially inoculated did indicate resistance
to C. fragariae (Tables 4, 5).

Greenhouse inoculations appeared to be

an effective method for screening seedlings for resistance to C.
fragariae (Table 4).

As mentioned previously seedlings 6-632, 6-995,

and 5-2556 were the most resistant as clones.
of these clones both
1 and 2 of

and

produced many of the seedlings in classes

the field rating. Most of the

6-607, 6-1672,

3377, and 6591

greenhouse inoculum.

In Table 4»progenies

and the

progeny from crosses with
Dabreak variety were killed by

In the field tests the survivors were rated in

the lowest classes with few exceptions.

In general, resistance to the

fungus in the greenhouse inoculations was reflected in the response
of the clones tinder field conditions.

Those that survived the green

house inoculations resulted in many plants with good field resistance,
and the reverse was true with the susceptible clones.

Progeny of two

clones, Headliner and 4860, appeared to show some resistant qualities
when crossed with one of the more resistant clones.
Three systemic fungicides were screened in the laboratory using
the agar incorporation method.

Only one fungicide, Benlate, proved

to be effective in control of

fragariae in laboratory screening

tests.

It

100 pp m it

was fungicidal at 1000 and 500 ppm.
was not considered

At a concentration of

fungicidal, but growth on fungicide-free

agar was very slow and never produced extensive mycelium.

Two other systemic fungicides, Plantvax and Vitavax, did not
effectively control

fragariae.

Plantvax gave no control and

Vitavax partially controlled the fungus (Tables 6, 7) but only at
concentrations which were phytotoxic (Table 10) to the plants.

These

two systemics were omitted from field tests because of phytotoxicity.
When Benlate was applied under 15 lb pressure for 15 minutes to plants
that were inoculated on the crowns 4 days previously with conidia,
there was a significant difference in precent infection between them
and the inoculated control plants.

Some of the inoculated control

plants were broken open before fungicide treatment was begun to insure
that infection by the fungus was progressing.

The plants which were

treated by this method had a very extensive root system and were
obtained from crown rot-free beds at Idlewild Experiment Station,
Clinton, Louisiana.

All Benlate treated plants were held for two months

under optimum conditions for fungal infection.

At the end of this

period crowns were broken open to check for advanced infection.

None

of the plant8 which were treated were infected with the fungus.

The

test was repeated using varying concentrations of Benlate.

These plants,

however, were obtained from a bed where numerous plants had died from
crown rot.

Only 507. control was obtained in this test which was

attributed to two factors:

natural infection had progressed in plants

to such an extent that control would not be possible, and the poor
condition of the roots at the time of transplanting.

This procedure of

pressure treatment was considered applicable, however, to be used in
the fall before plants are set in the field in order to reduce carry-over
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inoculum in plants during the winter and in the spring and to reduce
secondary inoculum before plants are transferred to summer plant beds.
Field tests in which Dabreak plants were treated with Benlate
on a regular schedule indicated that it is an effective control for
C. fragariae. (Tables 11, 12).

This agrees with results obtained in

Florida during summer plant bed production by Edwards (10).

In one

test at the Hill Farm at Louisiana State University, plants were treated
at 14 day intervals and complete control was obtained.

When these

plants were dug for transplanting in October, 1971, each plant had
produced 9 to 10 healthy runners.

None of the runners or plants

showed any symptoms of crown rot.
In an outfield test at the Albert Tuger farm in Albany, Louisiana,
Benlate gave excellent control of crown rot.

From these tests it would

be advisable to recommend Benlate for use on strawberries as a control
for crown rot.

Some farmers in the strawberry area of Louisiana used

Benlate during the summer of 1971 in areas where crown rot was approach
ing epiphytotic conditions and were able to produce summer plants for
the first time in three to four years.

SUMMARY

1.

The objectives of this research were to investigate the control
of

fragariae by treatment with grstemic fungicides and by

breeding for resistance.
2.

Seedling 6-632 was resistant to six of eight isolates of the fungus.
Seedlings 5-2556 and 6-995 were resistant to four isolates.
were immune to any of the isolates of

None

fragariae as previously

reported by Carver (5).
3.

Because of the host specificity in response to the eight isolates
and the fact that all the isolates showed no cultural or morpho
logical differences, it strongly suggested that more than one race
was present in the isolates used for inoculation in the breeding
program.

Isolates 1 and 2, 3 and 4, and 5, 6, 7, and 8 were

similar.
4.

Progenies involving 6-632, 6-695, and 5-2556 in the Fj and Sj
produced m a n y plants resistant to C^ fragariae in the greenhouse
and when grown as clones in the field.

5.

Three systemic fungicides were tested in the laboratory.
was fungicidal to

Benlate

fragariae at 1000 and 500 ppm when the fungus

was grown on agar incorporated with the fungicide.

At 100 ppm

Benlate was not fungicidal, but the growth of the fungus was
extremely suppressed at this concentration.
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Benlate was shown to be an effective means of control for C.
fragariae under field conditions.

It was recommended that this

chemical could be utilised In the commercial area as a control
for

fragariae In summer plant b e d s .
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Dabreak plants after pressure treatment with Benlate,
Vitavax, and Plantvax. From left to right: A - Inoculated
controls; B - Benlate treated plants; C - Vltavax treated
plants; D - Plantvax treated plants; E - Uninoculated
controls.

Figure 2

Dabreak plants in a field test showing effectiveness of
treatment with Benlate. Above:
Plants sprayed with Benlate.
Below:
Plants not treated with fungicide.
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